Photosensitization with zinc (II) phthalocyanine as a switch in the decision between apoptosis and necrosis.
Photodynamic therapy (PDT) of tumors and other diseases is based on the uptake of a photosensitizing dye in target cells, which are damaged by reactive oxygen intermediates generated on irradiation with light in which the wavelengths match the dye absorption spectrum. PDT can induce cell death by necrosis and apoptosis both in vivo and in vitro, but the factors determining the contribution of either mechanism to the overall process are not completely defined. Our studies on the photosensitization of 4R transformed fibroblasts with the second-generation photosensitizer zinc (II) phthalocyanine (ZnPc) aim at determining the effect of important experimental parameters such as time of cell incubation (2 or 24 h) with ZnPc before irradiation and ZnPc concentration in the incubation medium on cell death. Furthermore, we propose possible correlations between the cell death mechanism and primary photo-damage sites; these are mainly determined by the intracellular localization of the photosensitizer. The mechanism of cell death was determined by both electron microscopy analysis of the morphological alterations induced by photosensitization and measurement of caspase 3 activation. The initial photodamage sites were determined by measuring the activities of several functions typical of mitochondria, lysosomes, Golgi apparatus, cytosol, and plasma membrane. The intracellular localization of ZnPc after 2- or 24-h incubation was determined by fluorescence microscopy. Necrosis, associated with early loss of plasma membrane integrity and complete depletion of intracellular ATP, represents the prevailing mode of death for 4R cells dark-incubated for 2 h with ZnPc and irradiated with light doses reducing viability by 99.9%. In contrast, irradiation performed 24 h after ZnPc incubation causes only partial inhibition of plasma membrane activities, and cell death occurs largely by apoptosis. ZnPc is mainly localized in the Golgi apparatus after 2- and 24-h incubation, and in all of the cases this compartment represents a primary target of photodamage. Only after prolonged incubation is mitochondrial localization of ZnPc clearly detected by fluorescence microscopy; this could be a determining factor for promotion of apoptosis. Our data demonstrate that it is possible to modulate the mechanism of cell death by appropriate protocols; this may be relevant for enhancing the therapeutic efficacy of PDT.